Anaerobic Biotransformation and Mobility of Pu and Pu-EDTA
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for this system (Figs. 1 and 2).
Concentrations of EDTA and phosphate were fixed vs. pH and time to
verify/determine the equilibrium constants for aqueous Pu(lIl)-EDTA complexes
(Fig. 3).

Pu was maintained as Pu(l11) in all experiments using reducing agents which
included 0.004 M reduced AQDS solutions (pH <6.0) and Na,S,0, (pH >6.0).

Solvent extraction and UV-Vis-NIR were used for oxidation state analyses.
Solids were separated from solutions using membrane filters.

Conclusion: A preliminary model® was used to interpret solubility data. The
results show that EDTA forms very strong complexes with Pu(ll) and that
PUEDTA-" are the dominant Pu species in a large range of environmental interest.
This study will yield/validate fundamental data for the solubility product of
PuPO,(s), and phosphate and EDTA complexes of Pu(l11) produced biotically.
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Figure 2. Solubility of PUPO,(s) as a function of NaH,PO, (pH =
25)at 70 days. Pu(lll) is the dominant uxmamun sme vf Puin
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understandlng of how EDTA influences the bioreduction of Pu(IV) by Shwmnella
oneidensis MR-1. Three research areas are discussed in this poster. First, the

speciation of Pu(l11) and Pu(111)EDTA complexes. Second, the bioreduction of
PuO,(am) with and without AQDS and EDTA by dissimilatory metal reducing
binding protein for transport

bacteria. Third, completion of past work on periplasi
of EDTA into an EDTA degrading bacterium.

0 o
HO-C-CH. /cHzéoH
EN-CHTCHTN {

H CH-C-OH

Approach: (1) Measure anaerobic Pu reduction by S. oneidensis MR-1 with
H, as the electron donor and 500 uM Pu(1V)O,(am) as the electron acceptor,
in the presence and absence of 100 uM AQDS, pH=7.

(2) Measure anaerobic Pu reduction by S. oneidensis MR-1 with
H, as the electron donor, 500 pM Pu(1V)O,(am) as the electron acceptor, in
the combined presence and absence of both 100 uM AQDS and 500 uM
EDTA pH=7.
Measure Pu(aq) and Pu(IIl), Pu(IV), and Pu(V,VI) in the agueous phase at
days 1 and 6 (Experiment 1) and day 2 (Experiment 2 — analyses ongoing)
Conclusions: S. oneidensis MR-1 reduced Pu(IV) to Pu(l11) within 2 days of
exposure.

AQDS, an electron shuttle, significantly increased reduction (solubilization) of
Pu(lV

In the biological system, EDTA significantly increased Pu(IV) reduction.
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Figure 4. Recovery of Pu in the <0.36 nm fraction
{aqueous), S, oneicenis with H, and AQDS signifcaty
increases Soluble Pu concentations i the system;

addition of electron donor (H;) alone did not greally
increase soluble Pu over the abiotic controls, however the
addition of electron donor and an lecion shuttle (AQDS)
funrer sig y the

Pu(Iv).
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pproach: Clone, express, and pur e periplasmic
(EppA) from the EDTA degrading bactenum BNC1 using E. coli. Utilize
various metal- and free-EDTA complexes to investigate binding of these
substrates to EppA using isothermal titration calorimetry and fluorescence
spectroscopy.

Conclusion: EppA bound free (i.e., no chelate metal) EDTA and NTA.
MgEDTAZ? likely dissociated before binding, while more stable complexes
(e.g., ZnEDTA?) did not bind. Degradability of metal-EDTA is related to
the formation of free EDTA to bind to EppA for transport into the cell.
Results have been submitted for publication (Xun et al. 2006).
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Figure 7. Purified EppA, the { o
periplasmic binding protein




